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method of drilling a subterranean formation 

(57) A drill bit (10) and method of drilling employing 
a gage definrtion region (30) on the bit to relatively grad- 
ually and incrementally increase the diameter of the 
borehole being drilled from a diameter that Is cut by fixed 
face cutters (20) or rolling cone cutters on the bit body 
to a larger diameter. Preferably the diameter of the gage 
definition region defined by cutting structures thereon 
varies along a longitudinal length of the bit, being small- 
est nearest the leading end of the bit. In a preferred em- 
bodiment, the gage definftion region includes a plurality 
of helically arranged cutting elements (26) disposed 
around the perimeter of the gage definition region. Such 
a configuration of cutting elements helps to reduce the 
loading on, and wear of, each individual cutting element. 
Thus the effective life of the bit is extended by enhancing 
its ability to drill the borehole to the gage diameter over 
a longer interval than may be achieved with convention- 
al bit designs. 




Fig, 2 
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Description 

BACKGROUND OF THE INVENTIOM 

Technical Field : 

This Invention relates generally to rotary drill bits 
used in drilling subterranean wells and, more speciftcal- 
iy, to drill bits having a gage definition portion or region 
tbat relatively gradually expands the dianneter of the 
wellbore f rom that cut by the face cutters to substantially 
the full gage diameter of the bit. 

Background art : 

The equipment used in drilling operations is well 
known in the art and generally comprises a drill bit at- 
tached to a drill string, including drill pipe and drill col- 
lars. A rotary table or other device such as a top drive 
is used to rotate the drill string, resulting in a correspond- 
ing rotation of the drill bit. The drill collars, which are 
heavier per unit length than drill pipe, are normally used 
on the bottom part of the drill string to add weight to the 
drill bit, increasing weight on bit (WOB). The weight of 
these drill collars presses the drill bit against the forma- 
tion at the boltom of the borehole, causing it to drill when 
rotated. Down hole motors are also sometimes em- 
ployed, in which case the bit is secured to the output or 
drive shaft of the motor. 

A typical rotary drill bit Includes a bit body, with a 
connecting structure for connecting the bit body to the 
drill string, such as a threaded portion on a shank ex- 
tending from the bit body, and a crown comprising that 
partof the bit fitted with cutting structures for cutting into 
an earth formation. Generally, if the bit is a fixed-cutter 
or so-called "drag" bit, the cutting slruclures include a 
series of cutting elements made of a supsrabrasive ma- 
terial, such as poly crystal line diamond, oriented on the 
bit face at an angle to the surface being cut {i.e., side 
rake, back rake). 

Various manufacturing techniques known in the art 
are utilized for making such a drill bit. In general, the bit 
body may typically be formed from a cast or machined 
steel mass or a tungsten carbide matrix cast by infiltra- 
tion with a liquified metal binder onto a blank which is 
welded to a tubular shank. Threads are then formed on- 
to the free end of the shank to correspondingly match 
the threads of a drill collar 

Cutting elements are usually secured to the bit by 
preliminary bonding to a carrier element, such as a stud, 
post or elongated cylinder, which in turn is inserted into 
a pocket, socket or other aperture in the crown of the bit 
and mechanically or metaliurgically secured thereto. 
Specifically, polycrystalline diamond compact (PDC) 
cutting elements, usually of a circular or disc-shape 
comprising a diamond table bonded to a supporting WC 
substrate, may be brazed to a matrix-type bit after fur- 
nacing. Alternatively, freestanding (unsupported) metal- 



coated thermally stable PDCs (commonly termed TSPs) 
may be bonded into the bit body during the turnacing 
process used to fabricate a matrix-type drill bit. 

A TSP may be formed by leaching out the metal in 

5 the diamond table. Such TSPs are suitable lor the afore- 
mentioned metal coatings, which provide a melallurgfcal 
bond between the matrix binder and the diamond mass. 
Alternatively, silicon, which possesses a coetMcienl of 
thermal expansion similar to that of diamond, may be 

10 used to bond diamond particles to produce an Si-bond- 
ed TSP which, however, is not susceptible to metal coat- 
ing. TSPs are capable of enduring higher temperatures 
(on the order of ISOO^'C) used in furnacing matrix-type 
bits without degradation in comparison to normal PDCs, 

15 which experience thermal degradation upon exposure 
to temperatures of about 750-80Q°C. 

The direction of the loading applied to the radially 
outermost (gage) cutters is primarily iateraL Such load- 
ing is thus tangential in nature, as opposed to the force 

20 on the cutters on the face of the bit which is substantially 
provided by the WOB and thus comprises a normal force 
substantially in alignment with the longitudinal bit axis. 
The tangential forces tend to unduly stress even cutters 
specifically designed to accommodate this type of load- 

2S ing and high bounce rales, due to the relatively large 
depths of cut taken by cutters employed to define the 
gage of the borehole and the stress concentrations ex- 
perienced by the relatively small number of cutters as- 
signed the task of cutting the gage diameter. It should 

50 be realized that, for any given rotational speed of a bit, 
the cutters proximate the gage area of the bit are 
traveling at the highest velocities of any cutters on the 
bit due to their location at the largest radii. Such cutters 
also traverse the longest distances during operation of 

55 the bit. 

Therefore, their velocity plus their distance traveled, and 
the large sideways or lateral resistive loads encountered 
by the cutters, which loads may be equivalent to those 
at the center of the bit face, may overwhelm even the 

40 most robust, state-of-the-art superabrasive cutters. 
While the radially outermost cutting elements on the bit 
face, referred to as gage cutters, typically have a flat- 
tened or linear radially outer profile aligned parallel to 
the longitudinal axis of the bit to reduce cutter exposure 

45 and cut a precise gage diameter through the borehole, 
such profiles actually enhance or speed up wear due to 
the large contact areas, which generate excessive heat. 
Wear of the gage cutters may over time, result In an 
undergage wellbore. 

50 In a typica! bit arrangement, the gage of the bit is 
that substantially cylindrical portion located adjacent to 
and extending above the gage cutters longitudinally 
along the bit body at a given radius from the bit center- 
line. In a slick gage arrangement, such as that shown in 

ss U.S. Patent 5,178,222, the radius of the gage is essen- 
tially the same as the outer diameter defined by the gage 
cutters. 

During drillingas the bit penetrates into a format ion. 
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atypical slick gage drill bit will drill the borehole diameter 
with the gage cutters, the gage of the bit then snugly 
passing therethrough. Even when the gage cutters ex- 
tend a substantial radial distance beyond the gage of 
the bit from the bit centerllne, as the gage cutters wear 
and the diameter of the wellbore consequently decreas- 
es to become closer to that of the bit gage, greater f ric- 
tional resistance by the gage against the wall of Ihe well- 
bore will be experienced. As a result, the rate of pene- 
tration (ROP) of the drill bit wj|[ continually decrease, re- 
quiring more WOB until the gage cutters may degrade 
to a point where the ROP is unacceptable. At that point, 
the worn bit must be tripped out of the borehole and re- 
placed with a new one, even though the face cutting 
structure may be relatively unworn. 

One way known in the art to lengthen the life of the 
drill bit is to provide cutting elements on the gage of the 
bit. For example, U S. Patent 5,467,836 discloses a drill 
bit having gage inserts that provide an active cutting 
gage surface that engages the sidewali of the borehole 
to promote shearing removal of the sidewali material. U. 
S. Patent 5,004,057 illustrates a drill bit having both an 
upper and lower gage section having gage cutting por- 
tions located thereon. Other prior art bits include both 
abrasion resistant pads and cutters on the gage of the 
bit, such as the bit disclosed in U.S. Patent 5,163,524. 

The bits disclosed in the aforementioned referenc- 
es, however, do not provide a gage definition region that 
relatively, gradually and incremental ty expands the di- 
ameter of the wellbore from that cut by the face of the 
bit to the gage diameter. Thus, It would be advantageous 
to provide variously configured definitional cutting re- 
gions having cutting structures arranged thereon to 
maintain the ROP and/or accommodate various ROPs 
of the drill bit through a formation and reduce the loads 
applied to any one cutter whether in the region or at the 
deftnitlonai gage diameter of the bit. 

Cutting elements of a fixed-cutter drill bit have typ- 
ically been arranged along the lower edges of longitudi- 
nally extending blades, each cutting element being po- 
sitioned at a different radial location relative to the lon- 
gitudinal axis of the bit. An exemplary arrangement of 
cutting elements is illustrated in U.S. Patent 5,178,222 
to Jones et ai. and assigned to the assignee of the 
present invention. In FIG. 4 of the patent, all the cutting 
elements of the bit are shown, iliustrating their horizontal 
overlapping paths upon rotation of the bit. Upon one 
complete rotation of the bit, it has been believed, by hav- 
ing the cutting elements arranged in such an overlap- 
ping configuration, a substantially uniform layer of ma- 
terial from the bottom of the wellbore can be removed, 
the thickness of the layer and the rotational speed of the 
bit determining the ROP. 

Whife other blade orientations have been consid- 
ered, including spiral blades such as those found on the 
drill bit illustrated in U.S. Patent 4,848,489 to Deane, the 
cutting elements of such a bit have been arranged with 
regard to substantially the same horizontal plane (i.e., 



perpendicular to the longitudinal axis of the bit) and thus 
to horizontally overlap upon rotation of the drill bit. In 
sum, prior art bits have been designed in a two-dimen- 
sional framework with cutting elements positioned and 

5 oriented to cut the formation upon rotation of the bit with- 
out consideration of the effects of the vertical movement 
of the bit into the formation. Additionally, this two-dimen- 
sional framework has resulted in gage cutters being 
spaced and positioned in a similar manner to cutters on 

10 the bit face. 

U.S. Patent 5,31 4,033 to Tibbitts, herein incorporate 
ed by reference and assigned to the assignee of the 
present invention, recognized that the path of each cut- 
ting element on a drill bit follows a helical path into the 

^5 formation and that the angle of the helical path affects 
the effective rake angle of the cutter, Accordingly, the 
cutting elements were attached to the face of the bit at 
various back rake angles, depending on their position 
on the bit face, taking into account their effective rake 

20 angle, and cooperatively associated with at least one 
other cutter to enhance the cooperative cutting of the 
cutting elements. 

Recognizing that the path of the cutting elements 
into the lormation is helical in nature, the aforemen- 

^5 tioned patent teaches how this helical path affects the 
actual or effective rake angle of the cutting elements. 
Such path also, however, affects the loading of each cut- 
ting element, depending on the cutter's position relative 
to the longitudinal axis of the bit. Thus, it would be de- 

30 sirable to provide a drill bit having cutting elements in 
the outer radius area of the bit body arranged to effec- 
tively reduce the stresses experienced by each cutting 
element at or near the gage diameter of the bit by incre- 
mentally cutting the outermost portion of the wellbore to 

35 full gage diameter using a relatively large number of cut- 
ters, each taking a small depth of cut Such a drill bit 
would result in longer cutting element life by reducing 
individual wear and decreasing the rate of cutter failure 
and/or wear in the gage region of the bit 

40 

DISCLOSURE OF THE INVENTION 

The present invention provides a rotary-type drill bit 
having cutting elements generally arranged intermedi- 

45 ate what have conventionally been called the face and/ 
or the gage portions of the bit. More specifically, the bit 
includes cutting elements arranged in a gage definition 
region by which the cutting elements relatively, gradu- 
ally expand the diameter of the wellbore being cut from 

50 that cut by the face cutters to the gage diameter of the 
bit. Preferably, these cutting elements are arranged so 
that their cutting edges form a relatively gradually ex- 
panding cutting diameter, each of the cutting elements 
nibbling away at the formation in small increments from 

55 the diameter cut by face cutters to or near the gage di- 
ameter. 

In a preferred embodiment, the cutting elements in 
the gage definition region are helically arranged at an 



3 

BPJSDOCID: <EP _ _.._ 0S69256A2 I > 



5 

angle or pitch relative to the centerline of the bit, prefer- 
ably corresponding to an angle or pttch or range of an- 
gles or pitches of a helix generated by the cutting ele- 
ments upon rotation of the bit at a given rate of penetra- 
tion Into a fornnation. In addition, the helix formed by the 5 
cutting edge of the cutting eJements varies in diameter 
to form a spiral (looking down the longitudinal axis of the 
bit), being smallest in diamelernearest the distal or lead- 
ing end of the bit and relatively gradually radially ex- 
panding toward the proximal or trailing end of the bit. In to 
addition, there may preferably be one or more series of 
cutting elements forming one or more helices and/or spi- 
rals around the bit, like multiple leads on a multi-lead 
screw. 

In another preferred embodiment, the diameter of ^5 
the bit formed by the cutting edges of a series of cutting 
elements in a gage definition region is varied by varying 
the depth Into the bit in which each of the similarly con- 
figured cutting elements is set Preferably, the diameter 
of the bit in the definition region is smallest atthe leading 20 
end of the bit and gradually increases in diameter from 
one cutting element to the next. 

In another preferred embodiment, a longitudinal 
section of the bit body comprising a gage definition re- 
gion and having cutting elements arranged thereon var- 25 
ies in diameter, the longitudinal section comprising the 
gage definition region being smallest in diameter near- 
est the leading or face end of the bit and increasing in 
diameter toward the trailing or shank end o\ the bit. 

In another preferred embodimenl, a gage area ac- so 
cording to the present invention may comprise both, a 
slick gage region and a gage definition region. More 
specifically, an upper, slick gage region may Include a 
plurality 0I tungsten carbide inserts positioned about the 
perimeter of the gage and a lower, gage definition region 25 
may include a plurality of helically- and/or spirally-posi- 
tioned polycrystalline diamond or other superabrasive 
cutters. The gage definition region may be helically ori- 
ented about the circumference of the bit, forming a con- 
tinuous helix extending completely therearound for one 40 
or more revolutions. The gage definition region may also 
be oriented in a changing or variable helical angle or 
pitch to accommodate various ROPs and/or revolutions 
per minute (RPM)ofthe bit. In either case, the gage def- 
inition region gradually cuts the gage of the borehole. In ^5 
some cases, the gage definition region may entirely oc- 
cupy what conventionally has been called the gage sec- 
tion or area of the bit body. Additionally, the blades of 
the bit extending through the gage definition region ac- 
cording to the present invention may preferably be ar- so 
ranged substantially parallel with respect to the longitu- 
dinal axis of the bit, or be helically configured around 
the perimeter of the bit gage. 

in still another preferred embodiment, the "gage" ar- 
ea of the bit includes a plurality 0I gage regions, each 
having a different f unction^ as for cutting, steering, etc. 
For example, the gage may include a series of gage re- 
gions including one or more gage definition regions. 
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More specifically, the gage may include a gage definition 
region followed by a slick gage region and another gage 
definition region. Likewise, the gage may include a gage 
definition region followed by a gage recess followed by 
a siick gage region. 

The invention may also be characterized in terms 
of a method and apparatus for cutting a wellbore to a 
diameter substantially approaching the gage diameter 
with the cutting elements on the bit face in a convention- 
al manner, while the remaining, minor portion of diame- 
ter is cut by a longitudinally-extending gage definition 
region employing a plurality of mutually-cooperative cut- 
ting elements, each taking a small depth of cut until gage 
diameter is achieved. It is contemplated that, at most, 
the wellbore diameter will be enlarged a total of about 
one inch (2.54 cm), or one-half inch (1 .27 cm) taken ra- 
dially from the centerline of the bit, with the gage defini- 
tion region. Preferably, the wellbore diameter will be en- 
larged a maximum of 0.100-0.200 inches (0.254-0.508 
cm), or 0.050-0.100 inches (0.127-0.254 cm) from the 
centerline, over a series of small incremental cuts, ac- 
cording to the invention. The depth 0I cut taken by each 
of the plurality of cutters in the gage definition region 
may range from as little as 0.001-0.002 inches 
(0.00254-0.00508 cm) in particularly hard formations or 
softer formations exhibiting hard stringers to 0.010 to 
0.015 inches (0.0254-0.1026 cm) in softer formations. 
The harder or stringer-bearing formations are also typ- 
ically cut with a larger number of cutters. 

The foregoing and other objects, features and ad- 
vantages of the invention will become more readily ap- 
parent from the following detailed description of the pre- 
ferred embodiments, which proceeds with reference to 
tbe drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a schematic conceptual illustration of a drill 
bit rotating and moving downward into a subterra- 
nean formation as a borehole is cut therein; 
FIG. 2 is a part cross-secllonal/part side view of a 
first embodiment of a drill bit in accordance with the 
present invention; 

FIG, 3 is a part cross-sectional/part side view of a 
second embodiment of a drill bit in accordance with 
the present invention; 

FiG. 4 is a part cross-sectional/part side view of a 
third embodiment of a drill bit in accordance with the 
present invention; 

FIG. 5A is a side view of a fourth embodiment of a 
drill bit in accordance with the present invention; 
FIG. 5B is a partial cross-sectional view of the drill 
bit shown in FiG. 5 A; 

FIG. 6 is a schematic view of a fifth embodiment of 
a drill bit in accordance with the present invention; 
FIG. 7 is a partial cross-sectional view of a sixth em- 
bodiment of a drill bit in accordance with the present 
invention; 
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FJG. 8 is a partial cross-sectional, view of a seventh 
embodiment of a drill bit In accordance with the 
present invention; 

FIG. 9 is a partial cross-sectiona! view of an eighth 
embodiment of a drill bit in accordance with the 5 
present Invention; 

FIG. 10 is a side view of a ninth embodiment of a 
drill bit in accordance with the present invention; 
FIG. 11 is a schematic view from the underside of 
the bit, depicting a helical multhlead gage definition 
region or portion according to the present invention; 
and 

FIG. 1 2 is a side elevation of a tri-cone bit employing 
a gage definition region. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

As conceptually shown in FIG. 1. since a drill bit 1 
is rotating and moving downward into the formation 2 as 
the borehole 3 is cut. the cutting path followed by an 
individual cutter 4 on the surface 5 of the bit 1 follows a 
helical path downwardly spiralling at an angle A relative 
to the horizontal, the path being illustrated by solid line 
6 extending down the borehole 3 into the formation 2. 
For example, a bit 1 having a cutter 4 rotating in a radius ^5 
of six inches, at a drilling rate of ten feet per minute, and 
a rotational speed of 50 revolutions per minute results 
in the helical path 6 having an angle A of inclination rel- 
ative to horizontal of approximately 4°. While bit 1 is 
shown having a single cutter 4 affixed on the exterior 50 
surface 5 of the drill bit 1, it should be understood that 
a bit typically employs numerous cutters. For the pur- 
poses of illustrating the helical path 6 followed by an in- 
dividual cutter 4 on bit 1 , only a single cutter 4 has been 
illustrated. 55 

FIG. 2 shows a rotary drill bit 10 having a generally 
cylindrical bi( body 11 in accordance with the present 
invention. The drill bit 10 has a connecting structure 12 
at a proximal or trailing end 14 for attachment to a drill 
string by a collar or otber methods as known In the art. 40 
At a distal or leading end 1 6 of the drill bit 1 0 is the face 
18 to which a plurality of face cutters 20 may be at- 
tached. What has conventionally been called the gage 
of the bit 10 extends upwardly from the face IS as gage 
area 22, which ultimately defines the diameter of the 45 
hole to be drilled with such a bit 10. 

The bit 10 may also include a plurality of junk slots 
24 longitudinally extending from the face 18 of the bit 
body 11 through the gage area 22. The junk slots 24 
allow drilling fluid jetted from nozzle ports 25 and cut- so 
tings generated during the drilling process to flow up- 
wardly between the bit 10 and the wellbore wall. As 
shown, these junk slots 24 may communicate with face 
passages 21 adjacent the cutters 20 such that formation 
cuttings may flow from the cutters 20 via face passages 55 
21 directly into the junk slots 24, carried by drilling fluid 
emanating from nozzles in the bit face. 

According to the present invention, the gage area 



22 is comprised of a gage definition region 30 including 
a plurality of cutting elements 26 and a slick gage region 
32 including a plurality of gage pads 28. In this embod- 
iment, the cutting elements 26 of the gage definition re- 
gion 30 are helically arranged around the perimeter of 
the gage area 22. The cutting edges 27 of the cutting 
elements 26 gradually increase in radial distance from 
the centerline CL of the bit 10, those cutting edges 27 
nearest the leading end 16 of the bit 10 being closest to 
the bit 10 centerline. Cutting elements 26 may comprise 
PDC, TSP, cubic boron nitride, natural diamond, syn- 
thetic diamond grit (in the matrix or in Impregnaied cutter 
form), or any other suitable materials known in the art. 
The gage definition region 30 reduces the stress that 
wouid otherwise be placed on the outermost face cutters 
20' as conventionally employed as a "gage" cutter by 
gradually enlarging the wellbore to its final or gage di- 
ameter from the diameter cut by the face cutters 20. 
Thus, even radially outermost face cutters 20' undergo 
primarily normal forces, rather than the destructive tan- 
gential forces experienced when conventional cutter ex- 
posures and depths of cut are used with cutters at the 
periphery of the bit face to define the gage diameter of 
the bit. Stated another way, the helical configuration of 
the gage definition region 30 provides necessary cutter 
redundancy to gradually and incrementally expand the 
diameter of the wellbore to gage diameter from an initial 
diameter and by cutters on the bit face rather than taking 
relatively large cuts with the outermost face cutters 20'. 
As illustrated, the gage definition region 30 includes sev- 
eral rows of cutting elements 26 with slots 36 similarly 
helically interposed between each row of cutting ele- 
ments 26. Adjacent to and above ihe gage definition re- 
gion 30, the slick gage region 32 includes a plurality of 
substantially rectangular gage pads 28 that may also be 
comprised of other shapes such as circles, triangles and 
the like, as known in the art. Pads 28 may be comprised 
of tungsten carbide inserts or other abrasion- and ero- 
sion-resistant materials known in the art. The pads 26 
extend from the bit centerline a distance slightly smaller 
than the radial distance cut by cutting elements 26' ex- 
tending the greatest radius from centerline CL. 

As illustrated, both the gage pads 28 and the cutting 
elements 26 extend from the bit body 11 of the bit 10 
such that the gage definition portion 30 continues to cut 
as the gage pads 28 wear. Moreover, the cutting ele- 
ments 26 provide cutting action until they wear to such 
extent that an undergage wellbore is being cut, at which 
point the bit may be tripped. Thus, as the bit 10 is rotated 
Into a formation, the gage definition region 30 actively 
assists in cutting and maintaining the gage diameter of 
the borehole such that the slick gage region 32 is always 
afforded adequate clearance and is thus far less likely 
to impede the ROP of the drill bit 10. 

Another advantage of employing a gage definition 
region with cutting elements arranged according to the 
Invention is to compensate for wear of radially outermost 
face cutters 20', so that as such face cutters 20' are 
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worn, the cutters 26 and 26' of gage definition region 30 
become engaged with the fornnation being drilled and 
so maintain a desired minimum gage diameter of the 
wellbore. In such a design, the radially outermost cutters 
20' may be placed so that, as they wear, the radially out- 
ermost cuners 26" of the gage definition region are first 
to engage the wellbore sidewall, with other cutters 26 
therebelow engaging the sidewall as further wear oc- 
curs in cutters 20' and cutters 26' begin to wear. 

As illustrated in the following embodiments, the 
gage area of the drill bit may Include many variations 
and combinations thereof and be within the spirit of this 
invention. For example, in FiG, 3, the gage area of the 
drill bit 21 0 may comprise tn its entirety a gage definition 
region 230 including a piurality of cutting elements 226 
helically arranged about the perimeter of the gage def- 
inition region 230 to substantially match the helical path 
or range of paths (depending on rotational speed and 
ROP) of the cutting elements 226 as they are rotated 
into a formation. As shown, the cutting elements 226 are 
largerthan those depicted in FIG. 2, as are the slots 236. 
The helical arrangement of the cutting elements 226 
may be a constant pitch helix as shown or a variable- 
pitch helix such that the angle of the helix increases from 
one end of the gage definition region 230 to the other. 
Such a helical arrangement of cutting elements 226 can 
thus accommodate different rotational speeds and 
ROPs of the drill bit 10. A helical arrangement in an op- 
positely-variable (decreasing) pitch configuration could 
also be beneficial, While helically arranged cutting ele- 
ments 226 may be preferred, the important feature of 
any arrangement of cutters is that the cutting elements 
provide sufficient overlap in their respective paths and 
be of sufficiently-close radial placement (as defined at 
their radially outermost edges) to nibble away at the for- 
mation until the gage diameter is reached. Thus, any 
configuration of a plurality of rotationally overlapping 
cutters arranged to take a series of small-depth cuts out- 
wardly from the face of the bit would provide the desired 
gradually expanding gage diameter effect. It should be 
noted that in this embodiment, the driil bit 210 also In- 
cludes a plurality of face cutters 38 positioned around 
the face 21 8 of the bit 21 0. The cutting elements 226 on 
gage definition region 330 assist the face cutters 38 by 
incrementally cutting the desired borehole gage diame- 
ter and thus reduce the tangential loading experienced 
by the outermost face cutters 3S' to an acceptable level. 

FIG. 4 is similar to the bit 10 depicted in FIG. 2 but 
illustrates a more conventional-looking cutter configura- 
tion. In this preferred embodiment, the cutters 326 of the 
gage definition region 330 are configured as what con- 
ventionally are termed "gage cutters. " That is, they each 
have a flat side 327 which, in the art. would be used to 
precisely cut the gage diameter of the wellbore. In this 
embodiment, however, the flat sided cutters 326 are ra- 
dially spaced from the bit 31 0 centerline so that their flat 
sides gradually increase in radial distance from the bit 
310 centerline from each cutter to its immediately fol- 



lowing cutter until the desired gage diameter is 
achieved. As further illustrated, the slick gage region 
may be comprised of a plurality of longitudinally-spaced 
gage pads 328. Additionally, the cutting elements 326 
5 of the gage definition region 330 are positioned between 
the gage pads 328 and the face cutters 320. Typically, 
the gage pads 328 wi[l be comprised of a less abrasion- 
resistant material than the cutting elements 326, so that 
cutting elements 326 will always cut a larger diameter 
^0 wellbore than the diameter defined by gage pads 328. 

As shown in FIGS. 5A and 5B, gage definition ele- 
ments (cutters) 426 may be placed along a helix relative 
to the longitudinal axis L (see FIG. 5B) of the bit 41 0 as 
shown in FIG. 5 A such that a cutting face 42 o1 each 
cutting element 426 is somewhat radially oriented and 
faces substantially toward the direction of rotation of the 
bit, indicated by arrow 44. As shown in FiG. 5B, the cut- 
ting element 426 may be partially cylindrical, with a flat 
or linear edge portion 46 similar to edge 40 of gage cut- 
ter 438 therebelow. The cutting elements 426 may be 
oriented at any back rake angle between 0" (circumfer- 
entialiy), as shown in F[G. 3, and 90° (radially), as 
shown in FIG. 5A. Further, the cutting elements 426 may 
be oriented at any suitable side rake angle relative to 
the longitudinal axis of the bit 410. The gage 422 of the 
drill bit 410 may also include a substantially helical slot 
48, as well as junk slots 424 or any combination thereof, 
to allow cuttings and drilling fluid to pass through the 
gage region 422 of the drill bit 410. It should also be 
noted that cutters 426 may be tilted into or away from 
the helix angle about their horizontal axes, instead of 
merely having their cutting faces 42 oriented parallel to 
the longitudinal bit axis. 

Additionally, the cutting elements 426 may have a rake 
angle adjusted according to the computed effective rake 
angle for a given ROP of the bit 41 0, the effective rake 
angle being determined by adding the angle of the hel- 
ical path of the cutter 426 into the formation relative to 
the horizontal to the apparent rake angle of the cutter 
426. For example, if the cutting surface 42 of cutter 426 
has an apparent angle of inclination relative to a radially 
extending plane through the cutting face 42 of approxi- 
mately BS** (i.e., 4° negative rake) and the helical path 
of the cutter 426 has an angle of inclination relative to 
horizontal of 4° then the cutting face 42 has an effective 
angle of inclination, or effective rake, of precisely 90'' 
and will be neither negatively nor positively raked. 

It should also be recogaized that the radial position 
of the cutter 426 relative to the centerline of the bit is 
determinative as to the effective rake angle. That is, the 
closer a cutter is positioned to the bit center, the greater 
the angle of inclination of the helical path relative to the 
horizontal for a given rotational speed and ROR and the 
greater the apparent negative rake of the cutter must be 
to obtain an effectively more positive rake angle. 

In FIG, 6, gage 522 may comprise two gage defini- 
tion regions 530 and 531 , respectively, including a plu- 
rality of broached cutting elements 50 and cutting ele- 
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ments 51. The broached cutting elements 50 are basi- 
cally individual or freestanding natural or synthetic dia- 
monds 49 arranged in a row and insel and secured into 
an insert 47 possibly made of tungsten carbide, brass, 
tungsten or steel, in addition, the radiaMy extending 
gage portions 534 may be helrcally configured, In this 
exemplary embodiment a relatively steep helix, about 
the perimeter of the gage 522 defining similarly helically 
configured, intervening junk slots 524. The broached 
cutting elements 50 are preferably angled and set rela- 
tive to the exterior surfaces 62 of the gage pads 528 to 
form an inward frustoconical taper along the gage defi- 
nition region 530 toward the leading end 516 of the bit 
510, thus increasing the gage diameter of the bit 510 
from the radially outermost face cutters 53S to the gage 
pads 52B. As will be understood by those skilled in the 
art, such an angled gage definition region 530 could be 
incorporated into any of the embodiments described 
herein. 

As further illustrated in FIG. 7, a bit 610 may include 
multiple gage definition regions 630 and 631 and multi- 
ple slick gage regions 632 and 633 to provide a multi- 
stage cutting bit 610. Accordingly, during drilling, the 
face cutters 636 cut the welibore to a substantial per- 
centage of the gage diameter. The first gage definition 
region 630 then removes a relatively smalt amount of 
the wall of the welibore, through which the first slick gage 
region 532 can pass. The second gage definition region 
631 engages and removes a relatively small amount of 
the formation until the second slick gage region can 
pass therethrough. Such an arrangement may be par- 
ticularly suitable for drilling long, linear welibore inter- 
vals through hard formations while minimizing vibration 
and whirl tendencies of the bit. If desired, it is possible 
to configure the entire bit crown to comprise one elon- 
gated gage definition region or a series of progressively 
larger gage definition regions extending from a very 
small group of nose cutters at the centerline of the bit, 
omitting the traditional bit "face" and resulting in a ta- 
pered, generally conical bit crown. Slick gage regions 
may be located between gage definition regions of a se- 
ries, if desired, or recesses may be employed therebe- 
tween, or both slick gage and recessed regions used. 

Likewise, as illustrated in FIG. 8. a gage definition, 
region 642 of a bit 640 may be followed by a gage recess 
644 which is followed by a slick gage region 646. Such 
a gage configuration may be particularly desirable for 
steering drill bits where tbe fulcrum of the bit is effective- 
ly moved to the slick gage region 646. 

As further illustrated in FIG. 9, the portion of the bit 
650 conventionally termed a "gage" is not included. Ac- 
cordingly, the gage definition region 652 provides the 
only contact above the bit face between the weflbore 
wall and the bit 650 during drilling. Such a bit 650 would 
be highly steerable and particularly suitable for short- 
radius directional drilling, as the bit could effectively piv- 
ot about the crown 654. 

As illustrated in FIG. 10, cutting elements 70-7S are 



helically arranged around the gage definition portion 92 
of the bit 90 such that the gage definition portion 92 is 
substantially a cutting gage without conventional gage 
pads thereon. In addition, as can be observed by exam- 

5 ining cutting elements 72 and 77, cutting element 72 
which is closer to the leading end 94 of the bit 90 is ra- 
dially inset into the blade 96 substantially more than the 
cutting element 77. While not as easily seen between 
adjacent cutting elements, those closer to the leading 

10 end 94 are inset slightly more into their respective blade 
than the next adjacent (following) cutting element. For 
example, cutting element 74 radially protrudes from its 
blade 97 slightly more than cutting element 73 from its 
blade 98. Similarly, cutting element 75 radially extends 

^5 from its blade 99 slightly more than cutting element 1 01 , 
and so on. Such an arrangement of cutting elements 
70-78 in effect provides a varying diameter helix, or spi- 
ral, in which each successive cutting element in the helix 
cuts a little more from the formation than its preceding 

20 cutting element, thus "nibbling" the formation material 
and minimizing loading or each of the cutters. The 
amount of formation "seen" by each cutting element can 
be controlled, depending on the inset of each cutting el- 
ement relative to the preceding cutting element in the 

25 helix. Accordingly, the forces and stresses applied to 
each cutting element can aiso be controlled by control- 
ling the exposure of eacti cutting element to the forma- 
tion upon rotation of the bit 90. 

While insetting each cutting element a different dis- 

30 tance into the bit is one way of achieving a varying di- 
ameter helix of cutting elements, the same effect can be 
achieved by varying the diameter of the exterior surtace 
of the blades of the bit. It is also contemplated, as shown 
in FIG. 2, that varying sizes of cutting elements could 

35 also achieve the same diametric effect by following 
smaller cutting elements by successively larger ones, 
or that equal-dtameter cutting elements may have flats 
trimmed to different sizes to vary the diameter of cut. 
This approach, effected after the cutters are mounted 
on the bit, could achieve very precise dimensional con- 
trol of the various portions of the gage definition region 
according to the present invention. In addition, as pre- 
viously mentioned, while the cutting elements are 
shown in various helical arrangements, any overlapping 

45 relationship of the cutting elements upon rotation of the 
bit could produce the desired gradual cutting action of 
the gage definition region. 

In addition to the cutting elements 70-78 being hel- 
ically arranged, it may also be desirable to provide hel- 

50 ically configured junk slots 122 in addition to conven- 
tional vertical junk slots 124, These additional helically 
configured junk slots 122 will aid in removing debris from 
around the bit 90 and from the face 93 of each cutter 
70-78, and allow a greater volume of drilling fluid to cir- 

55 culate around the bit 90 and thus enhance cooling of the 
cutters 70-78. 

As previously noted, the gage definition region may 
be configured as a plurality of redundant helices, with 
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two or three cutting elements circLtmlerentially spaced 
about the bit at a smaller entry diameter slightly- larger 
than the face diameter, each of the two or three circum- 
ferentialiy-spaced cutting elements being followed by a 
discrete series of cutters. Each helical series of cutters 
defines ever-larger diameters, cutter by cutter, until 
gage diameter is reached. Alternatively, a plurality of 
cutlers may be placed to cut each incrementally larger 
diameter, although not configured in a helix. Ideally, and 
regardless of whether a helical cutter pattern is em- 
ployed, there will be cutter redundancy at each incre- 
mental diameter. FIG. 11 schematically illustrates such 
redundancy from the underside of the bit, depicting 
three cutters 726 at each incremental diameter, but 
placed on one of three different helices, as shown. The 
width W of the gage definition region GDR has been ex- 
aggerated for clarity. Thus, it can be readily appreciated 
how the face diameter FD cut by the bit face is enlarged 
to the gage diameter GD of the wellbore in a controlled, 
non-destructive nnanner according to the invention. 

In general, there are two cutter overlap configura- 
tions considered by the present invention. First, cutters 
in the gage definition region of the bit experience a de- 
gree of longitudinal overlap such that each cutter cuts a 
small depth of material from the bottom of the wellbore 
radially outboard of the outermost face cutter This may 
be accomplished by the helical configuration of cutters 
around the gage or otherwise spacing the cutters to 
achieve the desired longitudinal overlap. Second, the 
cutters in the gage definition region of the bit provide 
depth of cut overlap such that each cutter takes a slightly 
deeper radial cut into the formation than a preceding cut- 
ter. This is accomplished -by varying the radial distance 
of the cutting edge of the cutters from the cenlerline of 
the bit so that each cutter effectively nibbles at the for- 
mation rather than taking large cuts as is the case with 
so-called gage cutters of prior art drill bits. 

While the various gage definition regions herein de- 
scribed have been illustrated with respect to a rotary 
drag bit, it will be appreciated by those skilled in the art, 
however, that the arrangement of cutters according to 
the present invention may have equal utility on a coring 
bit or a tri-cone roller bit. FIG. 12 depicts an exemplary 
tri-cone roller bit 700. Gage areas 702 may be provided 
with cutting elements 726 of gradually increasing size, 
or legs 704 of bit 700 may be formed with exterior sur- 
faces disposed at a slight increasing angle tothe bit cen- 
teriine (shown), and cutting elements 726 of consistent 
size employed. Further, cutting elements 726 may be 
set into the material of legs 704 at varying depths to 
achieve a gradually increasing diameter of cut. Alterna- 
tively, preformed inserts or other cutting element-carry- 
ing structures may be affixed in recesses on the exteri- 
ors of legs 704, or otherwise secured to the exterior sur- 
faces thereof. Those skilled in the art will also appreciate 
that various combinations and obvious modifications of 
the preferred embodiments may be made without de- 
parting from the spirit of this invention and the scope of 



the accompanying claims. 



Claims 

5 

1. A rotary drill bit tor drilling a wellbore in a subterra- 
nean formation, comprising: 

a bit body having a leading end with a face and 
^0 a trailing end; 

a cutting structure mounted on'said face and in- 
cluding a plurality of face cutters mounted on 
said face; and 

a gage definition region longitudinally extend- 
^5 ing from proximate said plurality of face cutters 

toward said trailing end, said gage definition re- 
gion defining a larger diameter at its trailing lon- 
gitudinal extent than at its leading longitudinal 
extent. 

20 

2. The drill bit of claim 1 . wherein said gage definition 
region includes a plurality of longitudinally-distribut- 
ed cutting elements, each defining a cutting edge, 
said cutting edges closer to said trailing end being 

^5 positioned a greater radial distance from a longitu- 
dinal axis of said bit than said cutting edges closer 
to said leading end. 

3. The drill bit of claim 1 , wherein said gage definition 
30 region includes a plurality of cutting edges defining 

a longitudinally-extending perimeter, said perimeter 
substantially forming a frustoconical taper. 

4. The drill bit of claim 1 , wherein said plurality of face 
35 cutters is positioned to substantially cut said well- 
bore to a first diameter and further including cutters 
on said gage definition region positioned to relative- 
ly gradually enlarge the wellbore first diameter 

40 5. The drill bit of claim 1 , wherein said gage definition 
region lies at an acute angle relative to a longitudi- 
nal axis of said bit. 

6. The drill bit of claim 1 , wherein satd gage definition 
45 region includes a plurality of cutting elements dis- 
posed thereon to form at least one helix. 

7. The drill bit of claim 6. wherein said at least one helix 
is pitched to substantially match at least one pre- 

so dieted helical path of a cutting element of said plu- 
rality of cutting elements into a formation attributa- 
ble to rotation and longitudinal advance o1 said drill 
bit in said drilling of said wellbore. 

55 8, The drill bitof claimG, wherein said at least one helix 
is arranged as a variable-pitch helix to substantially 
match a range of predicted helical paths of cutting 
elements into a formation attributable to rotation 
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and longitudinal advance of said drill bit in said drill- 
ing of said wellbore. 

9. The drill bit of claim 5, wherein a radius of said at 
least one helix, taken from a centerline of said bit, 
increases from said leading end toward said trailing 
end. 

10. The drill bit of claim 1, wherein said gage definition 
region includes a plurality of cutting elements, each 
having a cutting face oriented at a selected rake an- 
gle relative fo said bit body to produce a destred ef- 
fective rake angle upon rotation of said drill bit into 
a formation at a given rotational speed and rate of 
penetration. 

11. The driJI bit of claim 10, wherein said selected rake 
angle is between 0° and 90°. 

12. The drill bit of claim 6, wherein said gage definition 
region further includes a plurality of junk slots sub- 
stantially longitudinally extending from said face of 
said bit body through at least a portion of said gage 
definition region. 

13. The drill bit of claim 12, wherein said plurality of junk 
slots and said plurality of cutting elements are hel- 
ically arranged about said gage definition region. 

14. The drill bit of claim 2. wherein said plurality of cut- 
ting elements is comprised of at least one material 
selected from the group comprisEng: PDC, TSP, cu- 
bic boron nitride, natural diamond, and synthetic 
diamond grit; 

15. The drill bit of claim 1 , further including at least one 
slick gage portion in said gage definition region. 

16. The drill bit of claim 15, further including cutting el- 
ements on said gage definition region, and wherein 
said at least one slick gage portion is at least par- 
tially formed of a less abrasion resistant material 

. than said gage definition region cutting elements. 

17. The drill bit of claim 16, wherein said at least one 
slick gage portion includes a plurality of wear in- 
serts. 

18. The drill bit of claim 1 , further including an additional 
portion of said bit body above said gage definition 
region and of lesser diameter than said trailing lon- 
gitudinal extent of said gage definition region. 

19. The drill bit of claim 1, wherein said gage definition 
region includes a plurality of longitudinally-separat- 
ed cutting gage portions. 

20. The drill bit of claim 1, wherein said gage definition 



region includes at least one broached gage portion. 

21. A method of manufacturing a rotary drill bit for drill- 
ing subterranean formations, comprising: 

£ 

forming a bit body having a distal end including 
a face, a proximal end, and at least one gage 
delinilion region extending longitudinally above 
said face toward said proximal end; 
10 mounting a plurality of cutters to said face of bit 

body; and 

mounting a plurality of cutting elements about 
a perimeter of said at least one gage definition 
region. 

22. The method of claim 21 , further including attaching 
a plurality of cutting elements to said at least one 
gage definition region at an apparent rake angle to 
produce a desired effective rake angle upon a pre- 

20 dieted rotation of the bit and rate of advancement 
thereof into a formation, 

23. The method of claim 21 , further including attaching 
said plurality of cutting elements in a helical ar- 

25 rangement around said at least one gage definition 
region. 

24. The method of claim 23, further including arranging 
said plurality of cutting elements into at least one 

30 continuous helix extending around said perimeter 
of said at least one gage definition region. 

25. The method of claim 21 , further including attaching 
a plurality of cutters to said bit body below and Im- 

35 mediately proximate said at least one gage defini- 
tion region at an outer periphery of said bit body. 

26. The method of claim 21 , further including mounting 
said plurality of cutting elements about said perim- 

^0 eter of said at least one gage definition region such 
that a diameter defined by said plurality of cutting 
elements upon rotation of said bit gradually increas- 
es from cutting element to cutting element in a di- 
rection toward said proximal end. 

45 

27. The method of claim 21, wherein said plurality of 
cutting elements is of various sizes about said pe- 
rimeter of said at least one gage definition region 
such that a diameter defined by said plurality of cut- 
so ting elements upon rotation of said bit gradually in- 
creases from cutting element to cutting element in 
a direction toward said proximal end. 

28. The method of claim 21, further including forming 
said at least one gage definition region with an in- 
creasing diameter toward said proximal end. 

29. The method of claim 21, further Including forming 
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at least one slick gage portion above said at least 
one gage definition region. 

30. The method of claim 29, further including placing 
wear Inserts into said at least one slick gage portion. 5 

31. The method of claim 30, funher including forming 
said inserts from a material selected from the group 
connprising tungsten carbide, superabrasEve, ce- 
ramics, cermets, nickel, chrome and alloys thereof. io 

32. The method oi claim 21, further including forming 
at least one portion of said bit body proximally of 
said at least one gage definition region to be o1 a 
lesser diameter than a proximal extent of said at t5 
least one gage definition region. 

33. The method of claim 21 , further including disposing 
said at (east one gage definition region along a 
plane lying at an acute angle relative to a longitudi- so 
nal axis of said bit. 

34. The method of claim 21 , wherein said forming said 
at least one gage definition region includes forming 

at least one broached gage portion. 25 

35. A rotary drill bit for drilling subterranean formations, 
connprising: 

a bit body having a cutting structure disposed 3o 
on a distal end thereof and a connecting struc- 
ture located at a proximal end thereof; and 
a substantially radially outwardly tapered gage 
definition region extending longitudinally from 
above said cutting structure toward said con- 35 
necting structure. 

36. The drill bit of claim 35, wherein said gage definition 
region includes a first plurality of cutting elements. 

40 

37. The drill bit of claim SS, wherein cutting elements of 
said first plurality of cutting elements are substan- 
tially helically arranged about a perimeter of said 
gage definition region. 

45 

38. The drill bit of cfaim 35, further including at least one 
slick gage portion above said gage definition region. 

39. The drill bit of claim 35, wherein said bit body in- 
cludes at lean one longitudinally extending radial re- 50 
cess above said gage definition region. 

40. A rotary drill bit for drilling subterranean formations, 
comprising: 

55 

a bit body having a perimeter and a face at a 
[eading end thereof, 

a gage longitudrnaHy extending along said bit 



body toward a trailing end thereof; and 
a plurality of cutting elements mounted on said 
face and on said gage, at least some of said 
plurality of cutting elements being helically ar- 
ranged about said perimeter. 

41. The rotary drill bit of claim 40, further including a 
plurality of longitudinally extending blades defining 
a plurality of junk slots thereinbetween, said helical- 
ly arranged cutting elements being disposed on 
said plurality of blades. 

42. The rotary drill bit of claim 41 , wherein said plurality 
of longitudinally extending blades is helically con- 
figured about said perimeter. 

43. The rotary driiS bit of claim 41 , wherein said plurality 
of longitudinally extending blades further defines at 
least one helically oriented junk slot. 

44. The rotary drill bit of claim 40, wherein said helically 
arranged cutting elements, each having a cutting 
edge, form at least one helix, said at least one helix 
having a varying diameter defined by said cutting 
edges of said varying cutting elements, said varying 
diameter being smallest nearest said leading end 
of said bit body. 

45. The rotary drill bit of claim 44, wherein said varying 
diameter is formed by insetting each of said cutting 
elements a varying distance into said bit body. 

46. The rotary drill bit of claim 44, wherein said varying 
diameter is formed by varying the diameter of said 
bit body from said leading end to said trailing end. 

47. The rotary drill bit of claim 44, wherein said varying 
diameter is formed by employing varying sizes of 
said cutting elements. 

48. The rotary drill bit of claim 40, wherein a helix 
formed by said helically arranged cutting elements 
is configured to substantially match a predicted hel- 
ical path of at least one of said plurality of cutting 
elements into a subterranean formation . 

49. The rotary driji bit of claim 40, wherein said plurality 
of cutting elements forms a plurality of helices about 
said perimeter of said bit body. 

50. The rotary drill bit of claim 40, wherein said plurality 
of cutting elements each has a cutting surface es- 
tablished at an apparent rake angle to produce a 
desired effective rake angle upon rotation of the bit 
into a formation and penetration thereof. 

51. A method of drilling a subterranean formation, com- 
prising: 
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providing a dritl bit having a gage diameter; 
rotating said btt into a subterranean formation; 
cutting a substantially circular first diameter 
borehole into the formation with the bit; and 
relatively gradually enlarging said first diameter ^ 
borehole to a larger, second diameter borehole 
encompassing said first diameter borehole with 
the bit. 

52- The method of claim 51 , wheretn said first diameter to 
borehole is cut with face cutters on the drill bit and 
said first diameter borehole is enlarged to said sec- 
ond diameter borehole with cutters disposed radf- 
ally outboard of the face cutters. 

1S 

53. The method of claim 51, further including relatively 
gradually enlarging said second diameter borehole 
to a third diameter borehole encompassing said 
second diameter borehole with the bit. 

20 

54. The method of claim 53, wherein said third diameter 
borehole is the gage diameter of the bit. 

55. The method of claim 51 , wherein said second diam- 
eter borehole is the gage diameter of the bit. ^5 

56. The method of claim 50, further including steering 
the bit through the formation in a non-linear path, 

57. A method of drilling a subterranean formation, com- so 
prising: 



regions. 

62. The rotary drill bit of claim 58, wherein said bit is a 
rolling cone bit. 

63. A rotary drill bit for drilling subterranean formations, 
comprising: 

a bit body having a leading end and extending 
longitudinally therefrom, said bit body carrying 
a first cutting structure mounted thereto on a 
radial periphery thereof and placed for cutting 
a borehole to a first diameter; and 
a second cutting structure mounted to said bit 
body longitudinally spaced from said first cut- 
ting structure and placed for cutting a borehole 
to a second diameter smaller than said first di- 
ameter 

64. The rotary drill bit of claim 63, further comprising at 
least one additional cutting structure mounted to 
said bit body longitudinally intermediate said first 
and said second cutting structures, said at least one 
additional cutting structure placed for cutting a bore- 
hole of a third diameter smaller than said second 
diameter 

65. The rotary drill bit of claim 64, wherein said first cut- 
ting structure is closest to a leading end of said drill 
bit as said bit operates to drill a subterranean for- 
mation. 



cutting a borehole of a first diameter into said 
formation; and 

simultaneously enlarging said first diameter to 35 
a second, larger diameter. 

58. A rotary drill bit for drilling subterranean formations, 
comprising: 

40 

a bit body having a side; and 
at least one gage definition region on said bit 
body side including cutting structure arranged 
and configured to enlarge a borehole from a 
first to a larger second diameter in an incremen- 
tal manner 

59. The rotary drill bit of claim 58, further including a 
plurality of longitudinally separated gage definition 
regions. so 

60. The rotary drill bit of claim 59, further including at 
least one slick gage region interposed longitudinally 
between two gage definition regions. 

55 

61. The rotary drill bit of claim 59, further including at 
least one circumferentially-extending recess inter- 
posed longitudinally between two gage definition 
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